INTRODUCTION
============

Iatrogenic femoral artery pseudoaneurysm (FAP), which is related to the femoral arterial puncture site, is one of the most common vascular complications of cardiac and peripheral angiographic procedures \[[@B1][@B2][@B3]\]. The frequency of FAP diagnoses has recently increased due to the growing use of diagnostic and interventional procedures involving large diameter sheaths, as well as more potent anticoagulation procedures \[[@B4][@B5][@B6]\]. FAP can be observed in 0.2%--5% of cases following diagnostic procedures which can further increase among interventional procedures \[[@B1][@B7][@B8][@B9]\].

Pseudoaneurysm is formed when the femoral arterial puncture site fails to seal, resulting in arterial rupture into the surrounding tissues, which eventually forms a pulsatile hematoma. These lesions do not contain a fibrous wall and are surrounded by a shell of hematoma and the pressure of surrounding soft tissues \[[@B1][@B7][@B8]\]. Factors associated with the formation of the pseudoaneurysm are the use of antiplatelet agents, anticoagulation, large sheath size, older age, obesity, ineffective periprocedural compression, catheterization of artery and vein at the same procedure, hypertension, peripheral arterial disease, hemodialysis, and other complex interventions \[[@B3]\]. Doppler ultrasound is the current gold standard method for the diagnosing of FAP. One of the most serious complications involves a rupture and bleeding, while pain, progressive enlargement, distal embolization, skin necrosis, deep venous thrombosis, neuropathy, and distal limb ischemia may also be observed \[[@B5][@B10]\].

Watchful waiting for spontaneous closure is appropriate for asymptomatic patients with small FAPs (\<2 cm) \[[@B3]\]. However, untreated large FAPs (≥2 cm) may cause complications such as rupture, deep vein thrombosis, neuropathy or skin necrosis \[[@B3][@B11][@B12]\]. Surgical treatment remains the gold standard treatment for iatrogenic FAPs that do not spontaneously thrombose. However, in the early 1990s, ultrasound-guided thrombin injection (UGTI) was introduced as a new technique for the management of iatrogenic FAP. This novel tool was safer, quicker and less painful than conventional surgical treatment \[[@B6][@B13]\].

In this study, we aimed to present our experience with UGTI in patients with iatrogenic FAP who use anticoagulants, in terms of safety and efficiency and compare the results with open surgery.

METHODS
=======

This study was performed in a high-volume training and research hospital in which interventional and diagnostic cardiac and peripheral procedures are performed daily. The study was approved by the Clinical Research Ethical Committee of Tepecik Training and Research Hospital, with an approval number of 2018/13-12. Between April 2012 and April 2018, 19.375 cardiac and 3.711 percutaneous endovascular peripheral and neuroradiologic interventions were performed in our hospital. Of these patients, 324 cases of FAP were diagnosed with an incidence of 1.4%. In our retrospective study, we investigated patients with iatrogenic FAP who were under anticoagulation or antiplatelet preoperatively or who have received a loading dose during an interventional procedure. A total of 55 patients were included in this study. Informed consent obtained from all patients. The outcomes of 24 patients with FAP and treated with UGTI were compared with the results of 31 patients who underwent open surgical repair for pseudoaneurysm. All procedures and follow-ups were conducted by cardiovascular surgeons in a cardiovascular surgery department.

Our general approach to patients with iatrogenic FAP is summarized in [Fig. 1](#F1){ref-type="fig"}. Patients with asymptomatic FAP with a diameter \<2 cm are observed for spontaneous closure for a duration of 4 weeks. For patients in whom no spontaneous closure was observed after 4 weeks, or whose FAP is ≥2 cm in diameter, and/or are symptomatic, the decision for intervention was made according to anticoagulation or antiplatelet status. Prior to 2017 our approach to FAP in patients given anticoagulation or antiplatelet as a loading dose or who had been undergoing anticoagulation or antiplatelet interventions previously was to perform open surgery. After 2017, we updated our approach to UGTI as a first-line treatment option for these patients. In individuals with no history of anticoagulation or antiplatelet interventions nor complications from FAP, ultrasound-guided compression therapy (UGCT) is the first-line treatment. If UGCT fails, UGTI is recommended. If UGTI fails despite 2 attempts in 48 hours, surgery is then recommended. In addition, open surgery is the initial treatment option for patients with complicated FAPs.

Our inclusion criteria accepted patients \>18 years of age with iatrogenic noncomplicated symptomatic FAPs and who were under anticoagulation or antiplatelet therapy. We excluded patients \<18 years of age and whose FAPs arose from sites other than the groin. Also, FAPs that are infected or with preprocedural skin ulcerations, necrosis, or arteriovenous fistulas were defined as complicated FAPs and excluded from the trial. In addition, we excluded failed UGCT cases as they were not under anticoagulation or antiaggregation therapy preprocedurally. Asymptomatic patients were also excluded; however, we did include asymptomatic patients who later became symptomatic during follow-up. Patients with traumatic pseudoaneurysms were excluded from our study as they may have needed surgical management.

Pseudoaneurysm was suspected in patients with a history of femoral artery catheterization; when pain, ecchymosis, a pulsatile mass, necrotic skin changes, or skin infection occurred in the intervention area. Pseudoaneurysm diagnoses were made using color Doppler ultrasonography (CDU) (Philips Epiq 5 ultrasound with L12-4 12-4 MHz linear probe, Philips Healthcare, Amsterdam, Netherlands). The area of pseudoaneurysm sac (multiplied by the 2 dimensions), as well as the width and length (from FAP to the vessel) of the FAP were recorded. Each examination was performed by an experienced physician. The ultrasonographic criteria for diagnosis involved the observation of swirling color flow in a mass separate from the affected artery, color flow within a track leading from the artery to the mass that is consistent with the pseudoaneurysm neck, and a typical to-and-fro Doppler waveform in the pseudoaneurysm neck \[[@B14]\]. The flow lumen diameter was optimized to ensure proper acquirement of pseudoaneurysm size, while the neck length was measured from the pseudoaneurysm to the vessel of origin. The width of the neck was also measured.

Physical examination was performed on all patients, while lower extremity pulses were noted. If there was a history of peripheral arterial disease, or in case of pulselessness, arterial CDU was performed for peri-interventional and postinterventional evaluation.

Informed consent was obtained from all patients who underwent UGTI and open surgery. Open surgery was performed using local anesthesia, sedation, or general anesthesia. In all patients who underwent open surgery, primary repair with 6.0 polyproline sutures was performed under sterile conditions in the operation room.

In patients who underwent UGTI, human thrombin was obtained for the management of local bleeding surrounding the vascular access site and was diluted in physiological serum with calcium chloride (1 mL = 500 U). The affected groin was cleaned with povidone-iodine and covered with a sterile cover. Under ultrasound guidance and without local anesthesia, a 21-G needle was used to puncture into the pseudoaneurysm sac and the needle was positioned away from the pseudoaneurysm neck. The appearance of sac and flow was checked consistently with CDU when slow injection of thrombin was performed. The injection was continued until complete obliteration of the sac was achieved. Intervention success was described for complete thrombosis of the FAP without any sac flow under CDU. If most of the sac became thrombosed but flow within the pseudoaneurysm neck did not cease, we waited for 24 hours rather than opting for an immediate repeat of the injection. Recurrence of FAP was described as active blood flow into the sac after 24 hours of successful treatment. Under these circumstances, additional thrombin injection was performed as described. Complications of UGTI such as thromboembolic and allergic events were also noted. Follow-up was performed on all patients within the first 12--24 hours, 1st week and 1st month.

Patient demographics, type and indication of catheterization (cardiac diagnostic, cardiac interventional, peripheral vascular diagnostic, peripheral vascular interventional), sheath size, access site, anticoagulation or antiplatelet status, intraoperative complications, pseudoaneurysm dimensions, and follow-up were reviewed from medical records.

Statistical analysis was performed using IBM SPSS Statistics ver. 20.0 (IBM Co., Armonk, NY, USA). Numeric variables were summarized as mean ± standard deviation values. Categorical variables were evaluated with cross-table analysis and depicted numerically. Student t-test was used for normally distributed data measured on a continuous/interval scale, while Mann-Whitney U test was used for nonnormally distributed data. Pearson correlation test was used to measure the statistical relationships or associations between continuous variables. P \< 0.05 was considered statistically significant.

RESULTS
=======

Patient demographics, cardiovascular risk factors, preoperative hemoglobin (Hb) and thrombocyte values are presented in [Table 1](#T1){ref-type="table"}. Among the 55 patients included in this study, 24 underwent UGTI (10 females, 14 males), while 31 (17 females, 14 males) underwent open surgery. There was no statistically significant difference between groups in terms of age, sex distribution, body mass index values or comorbidities. The only exception was for coronary artery disease, which was observed to be higher in patients who underwent open surgery (P = 0.032). Preoperative Hb and thrombocyte values were also similar between groups. In addition, there was no statistically significant difference between groups in terms of the type of procedure that caused FAP, nor the sheath size used for the procedure ([Table 1](#T1){ref-type="table"}). All patients were under anticoagulant or antiplatelet therapy, with individual patient status summarized in [Table 1](#T1){ref-type="table"}. The patients admitted with pain with or without accompanying mass formation was defined as symptomatic patients who formed the majority of the whole data (UGTI group, 24 of 24 patients; surgery group, 29 of 31 patients). Only 2 asymptomatic patients were included to the surgery group during their follow-up due to increase in FAP diameters and becoming symptomatic. The right femoral artery remained the puncture site for most patients. The origin of FAP most commonly originated from the common femoral artery, while few derived from the superficial femoral artery. There was no significant difference between patients who underwent UGTI or open surgery with regards to these parameters.

Procedure-related data are summarized in [Table 2](#T2){ref-type="table"}. FAP area, neck length and neck diameter were similar between the 2 groups. In our study, UGTI was primarily successful in 18 of 24 (75%) patients. Five patients (20.8%) needed additional thrombin injection in the first 24 hours, all of which were successfully performed. The mean thrombin amount used for patients who underwent UGTI was 1.31 ± 0.58 mL. Among the 18 patients who experienced successful UGTI in the first attempt, the mean thrombin dose was 0.14 mL/cm^2^; while in the 5 patients with a failed first attempt at UGTI, the mean thrombin dose was 0.13 mL/cm^2^. Thrombin doses in first attempts were similar in all patients. One patient (4.2%) underwent prompt surgical intervention due to thrombin emboli, which was accepted as a failure for UGTI treatment. None of the patients had FAP recurrence. Therefore, where primary and secondary attempts are concerned, the success rate was 95.8%.

Mean duration of the procedure were significantly shorter in patients who underwent UGTI (10.1 ± 3.54 minutes) when compared with patients who sustained open surgery (76.55 ± 26.74 minutes, P ≤ 0.001). Ten patients who underwent open surgery needed a blood transfusion while none of the patients who had UGTI received transfusion (P = 0.002). None of the patients in the UGTI group received anesthesia while all patients received local anesthesia, sedation, or general anesthesia in the open surgery group (P \< 0.001). Patients in the open surgery group also experienced more complications than patients in the UGTI group (P = 0.005) ([Table 2](#T2){ref-type="table"}). One patient who underwent UGTI needed additional surgery under emergency conditions due to acute thrombin emboli, which was treated successfully with embolectomy. On the other hand, 4 patients in the open surgery group needed additional surgeries for hematoma drainage. Wound complications were observed in 11 patients in the open surgery group, 2 of which only had maceration, 6 of whom needed wound drainage, and 3 of whom had infected wounds with a large healing defect that needed vacuum-assisted closure therapy. None of the patients in the UGTI group experienced wound complications. Total complication frequency and need for wound drainage was significantly higher in the open surgery group (P = 0.005 and P = 0.022, respectively). However, no statistically significant correlation between end-stage renal failure (ESRF) and complication risk was found among patients. Upon closer inspection, we observed that the occurrence of ESRF was found to be significantly associated with increased complications in the open surgery group (P = 0.005). Length of hospital stay was also significantly higher in patients who underwent open surgery (79.81 ± 35.54 hours) when compared to the UGTI group (17.83 ± 13.03 hours, P \< 0.001).

Cost analysis showed significant differences between UGTI and open surgery groups, with the mean cost for UGTI being \$227.50 ± \$82.90, while the open surgery cost \$471.20 ± \$437.60 (P = 0.01).

DISCUSSION
==========

In this present study, we have found that UGTI is a safe and effective method for the treatment of iatrogenic FAPs, which entails lower complication risks, shorter hospital stays, lower cost, less wound infection and better wound healing when compared with open surgery. This is the first study, to the best of our knowledge, that compares the outcomes of UGTI with open surgery.

Until the early 1990s, surgical treatment remained the gold standard for iatrogenic FAPs that do not spontaneously thrombose. Thereafter, UGCT and UGTI for the management of iatrogenic FAP were introduced as new treatment options \[[@B6][@B10][@B13]\]. Endovascular treatment with covered stents and coil embolization is another alternative option that is mainly used for the treatment of FAPs. In addition, the use of closure devices is a novel technique for FAP treatment \[[@B15]\]. All approaches have their distinct advantages and disadvantages. In our study, we compared outcomes of UGTI and open surgery. We did not involve patients who underwent UGCT, as all our patients were under anticoagulant or antiplatelet therapy and UGCT is known to have higher failure rates that reach 70% in patients under such therapies \[[@B14]\].

In our study, the success rate was 95.8% when both primary and secondary attempts are accepted. Through their meta-analysis that included 318 patients, Kontopodis et al. \[[@B16]\] found the success rate of UGTI to be 97.4%, which is similar to our findings. It should be noted that these are early experiences in our center and 3 out of 5 patients that needed additional thrombin doses experienced interventions in the first 6 months of our involvement. This could partly explain the reason for needing additional thrombin injections. That said, there was no statistically significant difference between thrombin doses in 23 patients with successful UGTI in their first or second attempts. Another reason for needing a second attempt in some of the patients despite giving similar doses may also be explained by differences in the protein C and thrombomodulin systems of the patients. Thrombin and thrombomodulin complex activates protein C, which then prompts the coagulation system to reduce the relative number and size of mature thrombi, resulting in the resolution of thrombus in the FAP \[[@B17][@B18]\]. Even with successful treatment, recurrence may occur after 24 hours of follow-up. However, in our study, none of the patients had FAP recurrence after a successful intervention.

Mean duration of the procedure was significantly shorter in patients who underwent UGTI. As all patients in our study received anticoagulant or antiplatelet therapy, bleeding control may be adversely affected in these patients, potentially contributing to the increased duration of surgical procedure.

UGTI can be performed with or without local anesthesia \[[@B19][@B20]\]. In our study, none of the patients in the UGTI group needed any kind of anesthesia including analgesia and all procedures were well tolerated by the patients. However, in the open surgery group, all patients received anesthesia, which may increase the risks of the surgical procedure due to complications. Fortunately, we did not encounter any cardiac complications. However, due to a high incidence of coronary artery disease among patients with FAP, risks caused by anesthesia may be even more increased. Therefore, patients in the UGTI group are protected from those risks.

The only complication we have seen was thrombin emboli which was accepted as a failure of the UGTI treatment. The patient developed progressive acute ischemia of the lower limb and underwent prompt surgical intervention with successful embolectomy and primary repair of the FAP. The sac area of the patient was 0.28 cm^2^ while the neck of the sac was short (0.3 cm) and wide (0.9 cm). Altogether, this was one of the smallest sac areas among the included patients. It is known that thrombin emboli risk may increase as the sac area and neck length decrease while the neck width increases \[[@B21]\]. In opposition to this view, the study conducted by Yang et al. \[[@B19]\] showed that FAP neck dimensions did not affect treatment efficiency. Kontopodis et al. \[[@B16]\] also showed that UGTI was associated with a very low complication risk of 0.68%. In their meta-analysis of data regarding complication rates of 292 patients with UGTI, they found only 2 cases with complications. One of them had peripheral emboli while another case had skin necrosis. The reason for the relatively higher complication incidence of our study may be the relatively small sample size. Pezzullo and Cronan \[[@B22]\] encountered one complication of emboli in their study with 23 patients who underwent UGTI, which is a complication rate of 4.35%, and is similar to ours. Skin infection, which is a potential complication of UGTI, was also observed in one patient from Weinmann et al. \[[@B23]\]. Another important and fatal but rare complication of UGTI is an anaphylactic reaction to thrombin. Therefore, 2 types of thrombin preparations are being used for this method as the use of bovine thrombin and repeated exposure to thrombin is associated with a higher risk of allergic and anaphylactic reactions \[[@B24]\].

Although surgery is the traditional approach, it is a relatively expensive procedure with higher risks concerning anesthesia, poor healing of surgical site, prolonged hospitalization, delayed ambulation, higher risks of complications such as bleeding, neuralgia, and death \[[@B14]\]. According to our study; open surgery was found to be associated with higher complication rates. When we took a closer look at open surgery groups, we found that having ESRF was significantly associated with increased complication risk. However, this was not valid for patients in the UGTI group. This outcome could be explained by the already damaged hemostatic mechanisms in patients with ESRF who are in need of anticoagulant or antiplatelet therapies that cause further deterioration. As all patients in our study were under anticoagulation or antiplatelet therapy, this deterioration of coagulation may have increased the perioperative and postoperative risks of bleeding and developing hematoma. Wound hematomas and seromas can lead to maceration and edge separation, which can adversely affect wound healing and cause wound infections.

According to our study, UGTI is a less expensive option compared to open surgery. Prolonged hospitalization, high complication rates, and need for anesthesia may explain this significant difference. Ten patients in the open surgery group needed a blood transfusion, while none of the patients in the UGTI group received any blood transfusion. None of the patients who received blood transfusion encountered any complications. However, increased need for blood transfusion may adversely affect the cost and contribute to additional burden on patients, especially on those suffering from ESRF.

The small number of patients limits the power of our study and exaggerates our complication results. The generalizability of our study is also limited by the small sample size that consisted of patients from a single center, as well as its retrospective and nonrandomized nature.

In conclusion, we have found that UGTI is a fast learned, safer and more cost-effective choice of treatment compared with surgery, justifying it as a first approach method of management for FAP. In our series, anticoagulation status did not impact recurrence rates. However, UGTI treatment is still an off-label use of thrombin and further randomized controlled trials are needed for UGTI to become the standard treatment for FAP.
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![Flow diagram of the treatment protocol for iatrogenic femoral artery pseudoaneurysms. FAP, femoral artery pseudoaneurysm; UGTI, ultrasound-guided thrombin injection.](astr-98-270-g001){#F1}

###### Demographic features, cardiovascular risk factors, and procedural characteristics of patients having UGTI and open surgery

![](astr-98-270-i001)

Values are presented as mean ± standard deviation or number.

UGTI, ultrasound-guided thrombin injection; CAD, coronary artery disease; CKD, chronic kidney disease; ESRF, end-stage renal failure; PAD, peripheral artery disease; Hb, hemoglobin; F, French; CAG, coronary angiography; PCI, percutaneous coronary intervention; P, pain; M, mass; FAP, femoral artery pseudoaneurysm; CFA, common femoral artery; SFA, superficial femoral artery; NS, nonsignificant.

###### Procedure related data
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Values are presented as mean ± standard deviation or number.

UGTI, ultrasound-guided thrombin injection; FAP, femoral artery pseudoaneurysm; Hb, hemoglobin; L, local; S, sedation; GA, general anesthesia; VAC, vacuum-assisted closure therapy; NS, nonsignificant.
